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s.2012.12Abstract Antioxidant activity, antibacterial properties, color and FT-IR spectral analysis of ﬂow-
ers belonging to hibiscus and Cassia species were investigated. Radical scavenging activity of sample
extracts were determined based on the percent inhibition of DPPH and ferric reducing antioxidant
power (FRAP) assays. Total phenolics were estimated based on the Folin–Ciocalteu method, while,
vanillin–HCl and aluminum chloride methods were employed to estimate total tannins and ﬂavo-
noids in the sample extracts, respectively. To determine total ﬂavonols and anthocyanin contents,
spectrophotometric method was employed. For antibacterial activities, modiﬁed agar disk diffusion
method was adopted. Color analysis was performed using a colorimeter, while functional groups of
compounds were identiﬁed using a FTIR-spectrophotometer. Results showed both the ﬂower
extracts to encompass high amount of antioxidant compounds and exhibit signiﬁcant antioxidant
activities, which depended on extraction solvents. Ethanolic extracts of Cassia had high total pheno-
lic, total ﬂavonoid and total ﬂavonol content, and showed highest activity for inhibition of DPPH,
while aqueous extract of hibiscus had high tannin and anthocyanin contents, and showed high ferric
reducing antioxidant power. With regard to antimicrobial activity, aqueous and ethanolic extracts of
hibiscus inhibited the growth of food-borne pathogens such as Salmonella typhimurium and Staph-
ylococcus aureus, while in Cassia the growth of Bacillus cereus and Klebsiella pneumoniae was inhib-
ited. Compared to Cassia, color analysis of hibiscus showed lower chroma and hue angle values.
FTIR spectra of both ﬂowers were comparable and showed the presence of polysaccharides, suberin
and triglycerides. Our results indicate the potential of exploiting these two ﬂowers as a source of nat-
ural food preservative or colorant, while developing novel functional foods.
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.0031. Introduction
Recent years have witnessed enhanced research work reported
on plants and plant products. In this regard, plants with tradi-
tional therapeutic usage are being screened more efﬁciently––
to be considered as a substitution or as a better alternative for
chemical based food preservatives. Additionally, plants can being Saud University.
276 Y.W. Mak et al.an excellent source of natural antioxidants and can be effectively
used in the food industry as a source of dietary supplements or as
natural antioxidants to preserve the quality and improve the
shelf-life of food products (Tiwari et al., 2009;Voon et al., 2012).
Traditionally, several plants and their products have been
used in foods (as herbs or spices) as a mode of natural preserva-
tive, ﬂavoring agent aswell as a remedy to treat some of the com-
mon ailments in humans. This property of curing is attributed
mainly to their antimicrobial activities. Use of natural plant de-
rived antimicrobials can be highly effective in reducing the
dependence on antibiotics, minimize the chances of antibiotic
resistance in food borne pathogenic microorganisms as well as
help in controlling cross-contaminations by food-borne patho-
gens (Voon et al., 2012). In addition to the antioxidant and anti-
microbial activities exhibited by plants or their extracts, they can
also be used as natural colorants of foodstuffs; as in most of the
cases, they are believed to be safe, and non-toxic to humans
(Rymbai et al., 2011; Boo et al., 2012; Gupta and Nair, 2012).
Of late, many reports are available wherein ﬂowers or their
extracts have been shown to exhibit rich antioxidant and anti-
microbial properties (Shyu et al., 2009; Jo et al., 2012; Voon
et al., 2012). Hibiscus rosa-sinensis L. (family; Malvaceae) is
a profusely ﬂowering, perennial, woody ornamental shrub dis-
tributed widely in the tropical regions. Previous studies have
indicated H. rosa-sinensis to possess bioactive properties and
is recommended to be used as an herbal alternative to cure
many diseases (Obi et al., 1998). On the other hand, Cassia
bicapsularis L. (or Senna bicapsularis L.) (family; Fabaceae)
is one of the common ﬂowering, ornamental plant belonging
to Cassia species which is widely distributed in South Ameri-
can and tropical countries. Traditionally, plants belonging to
Cassia species are believed to possess medicinal values.
Based on this, the present study was aimed at evaluating the
antioxidant activities, antibacterial effects (against food-borne
pathogens), and color properties as well as identifying the pres-
ence of various functional groups (based on FTIR spectra) in
two of the widely distributed ornamental ﬂowering plants: H.
rosa-sinensis (red colored ﬂowers) and S. bicapsularis (yellow
colored ﬂowers). It is anticipated that results generated from
this work will provide a suitable base in the use of these ﬂowers
as a natural additive or for bio-fortiﬁcation while developing
novel functional foods.
2. Materials and methods
2.1. Samples
Fresh ﬂowers of hibiscus (H. rosa-sinensis) and Cassia (S.
bicapsularis) with no apparent physical, insect or microbial
damage were collected from the University garden of Univer-
siti Sains Malaysia, Penang. The ﬂower petals were carefully
removed (without anther, stamen or sepals) and were freeze-
dried (freeze dryer Model, LD53, Kingston, New York) for
48 h at 50 C. Samples were powdered (mesh size 30), cov-
ered with aluminum foil (to avoid exposure to light) and stored
at 4 C until analysis (performed within 24 h).
2.2. Antioxidant analysis
2.2.1. Extract preparation
Distilled water and ethanol (99.7%) were used as solvents for
extraction of antioxidant compounds. A known weight of thepowdered sample was mixed individually with the solvent
(500 mg extracted in 50 mL, as 3 individual replicates) and
was shaken in an orbital shaker (Lab Companion, Model SI
600R Bench top shaker) at 160 rpm for 24 h at room temper-
ature. Extracts were ﬁltered through Whatman ﬁlter paper
(Whatman No. 41, UK). All the ﬁltrates were collected and
transferred to screw-top glass bottles (with Teﬂon caps) and
were covered with aluminum foil to avoid exposure to light.
2.2.2. DPPH radical scavenging activity and ferric reducing
antioxidant power assay (FRAP)
The capacity of the ﬂower extracts to scavenge DPPH radicals
(2,2-diphenyl-1-picrylhydrazyl) was measured based on the
method described by Sanchez-Moreno et al. (1998). The results
obtained were expressed as the percentage inhibition of DPPH
based on the following formula:
Percent inhibition of DPPH ¼ ½ðAcontrol AsampleÞ=Acontrol
 100
where Acontrol is the absorbance of the DPPH solution without
sample extract and Asample is the absorbance of the sample
with DPPH solution.
For FRAP assay, a modiﬁed method described by Benzie
and Strain (1996) was adapted to measure the ability of ex-
tracts to reduce ferric ions. Ferrous sulfate solution (concen-
tration ranging from 0.1 to 1 lM) was used for preparing the
standard calibration curve. FRAP activity was expressed as
micromoles of Fe (II)/100 g of dry weight of samples.
2.2.3. Determination of total phenolic content, tannins,
ﬂavonoids and ﬂavonols
The total phenolic content of the ﬂower extracts were deter-
mined based on the Folin–Ciocalteu (FC) method (Singleton
and Rossi, 1965). In brief, 400 lL of the sample extract was
mixed with 2.0 mL of FC reagent (10 times pre-diluted). Fur-
ther, after incubation for 5 min at room temperature, 1.6 mL
of (7.5%, w/v) sodium carbonate solution was added and the
solution was mixed thoroughly and incubated for 60 min at
room temperature. Followed by this, absorbance was mea-
sured using a UV–visible spectrophotometer (Shimadzu UV-
160A, Kyoto, Japan) at 765 nm. A suitable calibration curve
was prepared using standard gallic acid solution. All the results
were expressed as mg Gallic acid equivalents (GAE) per gram
of sample.
For total tannins, the vanillin–HCl method was employed
(Bhat et al., 2007). Brieﬂy, 1 mL of the sample extracts was
treated with 5 mL of reagent mixture (4% vanillin in methanol
and 8% concentrated HCl in methanol, 1:1 ratio). The color
developed was read after 20 min. at 500 nm using a UV–visible
spectrophotometer (Shimadzu UV-160A). Suitable standard
calibration curve was prepared using catechin (20–400 lg/
mL) and results were expressed as mg Catechin equivalent
(CE) per 100 g dry weight of the samples, respectively.
Total ﬂavonoids in the sample extracts were determined
using the aluminum chloride method as described in the report
of Liu et al. (2008). In brief, for 500 mL of the sample extract
solution, 2.5 mL of distilled water and sodium nitrite solution
(5%, w/v, 150 mL) were added to the mixture. This mixture
was maintained for 5 min., followed by addition of 300 mL
of aluminum chloride (10%, w/v) and again incubated for
6 min. Followed by this, 1 mL of sodium hydroxide (1 M)
Antioxidant and antibacterial activities of hibiscus (Hibiscus rosa-sinensis L.) and Cassia 277was added and the mixture was diluted with 550 mL of dis-
tilled water. This solution was mixed vigorously and the absor-
bance of the mixture was measured immediately at 510 nm
using a UV–visible spectrophotometer (Shimadzu UV-160A,
Shimadzu Corporation, Kyoto, Japan). Results of the total ﬂa-
vonoid content were expressed as mg Catechin equivalents
(CE) per 100 g of dry weight of the sample.
Total ﬂavonols in the sample extracts were evaluated based
on the method described by Miliauskas et al. (2004) with slight
modiﬁcations. Brieﬂy, 1 mL of 0.15–0.05 mg/mL quercetin
methanol solution with 1 mL of 2% aluminum trichloride
and 3 mL of 5% sodium acetate were mixed to obtain a quer-
cetin calibration curve. After 150 min and incubation at 20 C,
the absorption was read at 440 nm using a UV–visible spectro-
photometer (Shimadzu UV-160A). This procedure was re-
peated using 1 mL of the sample extract (1 mg/mL) instead
of quercetin solution. Results obtained were expressed as mg
Quercetin equivalent (QE) per 100 g dry weight of samples.
To determine total anthocyanins, the spectrophotometric
method detailed by Abdel-Aal and Hucl (1999) was employed.
Brieﬂy, anthocyanins were extracted using acidiﬁed methanol
(methanol and 1 M HCl, 85:15, v/v) with a solvent to sample
extract ratio of 10:1. This was centrifuged and the absorbance
was measured at 525 nm using a UV–visible spectrophotometer
(UV-160A, Shimadzu, Japan) against a reagent blank. Cyani-
din-3-glucoside (5, 10, 15, 20, and 25 mg/L, r2 = 0.9982) was
used to prepare for the standard calibration curve. Total antho-
cyanin contents in the ﬂower extracts were expressed as mg
cyanidin-3-glucoside equivalents (c-3-gE) per 100 g dry weight
of samples.
2.3. Antibacterial susceptibility test (agar disk diffusion
method)
2.3.1. Microorganisms and growth conditions
A total of eight food-borne pathogenic bacteria (obtained
from the culture collection of the Food Microbiology Labora-
tory, School of Industrial Technology, Universiti Sains Malay-
sia) was used for evaluating the antibacterial activities of the
ﬂower extracts. Four Gram-positive (Bacillus cereus, Bacillus
subtilis, Staphylococcus aureus, Listeria monocytogenes) and
four Gram-negative (Escherichia coli, Salmonella typhimurium,
Salmonella enteritidis, Klebsiella pneumoniae) bacteria were
used to determine antibacterial properties of ﬂower extracts.
Pathogens obtained from respective glycerol stock cultures
were inoculated (1%, v/v) into Brain Heart Infusion (BHI)
media followed by incubation at 37 C (for 18 h) to activate
cultures. All the tested pathogens were standardized to a con-
centration of 108 CFU/mL for antibacterial susceptibility test.2.3.2. Extract preparation for microbial analysis
Extraction using either distilled water or ethanol (99.7%) was
performed following the modiﬁed method described by Alade
and Irobi (1993). Brieﬂy, 1.0 g of each powdered sample was
soaked individually in 100 mL of distilled water or ethanol
and mixed thoroughly using a magnetic stirrer at room tem-
perature for 3 h. After ﬁltration, the residues were again
soaked in 100 mL of the solvent for re-extraction for 12 h.
The ﬁltrates were pooled together followed by ﬁltering using
Whatman ﬁlter paper (Whatman No. 41). The alcoholic
ﬁltrates obtained were concentrated using a rotary vacuumevaporator (Rotary evaporator IKA, Model RV06-M1-1-B,
IKA-WERKE, Germany) at 50 C under room atmospheric
pressure (approximately 100 kPa), while aqueous ﬁltrates were
evaporated under pressure of 43 kPa at 40 C. A stock solution
of 100 mg/mL was prepared by dissolving the semi-solid mate-
rials of each crude extract in the solvent used in extraction and
stored at 20 C until further use in the disk diffusion assay.
2.3.3. Culture preparation
Suspension of tested pathogens (108 CFU/mL) was spread on
BHI agar (using sterile-glass hockey stick) to ensure even dis-
tribution of the suspension on the agar plate. The agar plates
were left to be fully diffused after each application. Based on
the modiﬁed agar disk diffusion method (Washington, 1981),
inhibitory potential of microbial growth was determined. Ster-
ile blank paper disks (Oxoid, England, 6 mm diameter) were
impregnated with 50 ll of the extracts (100 mg/mL and
50 mg/mL), left to be dried and gently pressed on the inocu-
lated agar plates. Distilled water and ethanol served as the neg-
ative control while chloramphenicol (Oxoid, England, 10 lg/
disk) served as positive control. Agar plates were incubated
at 37 C for 24 h. Antibacterial activity was determined by
measuring the diameter of the clear zones of inhibition.
2.4. Color analysis
The powdered samples of ﬂowers were subjected to color anal-
ysis using a colorimeter (Minolta, Spectrophotometer CM-
3500d, Japan). Powdered samples were placed individually in
the specimen cell for measurements. Minolta color scale was
used to measure the lightness, which was indicated by L* value
[L* = 0 (black) to L* = 100 (white)]. The a* and b* values that
shift from negative to positive values are an indication of the
shift from bluish-green to purplish-red and from blue to yellow,
respectively.
2.5. Fourier transform infrared radiation (FTIR) analysis
FTIR spectra were obtained from KBr pellets prepared using
1.0 mg of powdered ﬂower samples. The pellets were analyzed
in the absorption mode of FTIR and all spectra were recorded
from 4000 to 500 cm1 at a data acquisition rate of 2 cm1
using a FTIR spectrophotometer (System 2000, Perkin Elmer,
Wellesly, MD, U.S.A.).
2.6. Chemicals and reagents
All the chemicals used in this studywere purchased fromSigma–
Aldrich (St. Louis, MO, USA) or from Fluka (Switzerland).
2.7. Statistical analysis
Results obtained in the present study were analyzed using SPSS
software (SPSS Statistics Version 17.0). One-way analysis of
variance (ANOVA) was performed to evaluate the signiﬁcant
differences between sample means, with signiﬁcant level being
considered at P< 0.05. Mean comparisons were assessed by
Duncan’s test, with the values expressed as means ± standard
deviations. All data presented are mean values of triplicates
(n= 3), obtained from three separate runs; unless stated
otherwise.
Table 1 Antioxidant compounds and antioxidant activities of hibiscus and Cassia ﬂower extracts.
Parameter Hibiscus ﬂower extracts Cassia ﬂower extracts
Ethanol Aqueous Ethanol Aqueous
% DPPH inhibition 83.08 ± 0.1a 97.35 ± 0.6c 99.51 ± 0.2d 96.51 ± 0.3b
FRAP values (lmoles Fe (II)/100 g) 2349.06 ± 228.3ab 2883.23 ± 218.7c 2403.15 ± 307.3b 1966.30 ± 12.7a
Total phenolics (mg GAE/100 g) 4598.16 ± 106.8a 5436.23 ± 168.6b 26223.78 ± 450.3d 9468.18 ± 191.9c
Total tannins (mg CE/100 g) 2849.43 ± 121.1c 4420.87 ± 110.7d 1779.83 ± 139.2b 103.28 ± 6.9a
Total ﬂavonoids (mg CE/100 g) 2155.39 ± 112.6b 2768.06 ± 188.2c 3839.91 ± 162.2d 1133.60 ± 64.9a
Total ﬂavonols (mg QE/100 g) 572.00 ± 1.3c 330.65 ± 2.3b 1293.58 ± 50.8d 22.19 ± 0.9a
Total anthocyanins (mg c-3-QE/100 g) 155.28 ± 5.4c 205.76 ± 3.4d 77.11 ± 4.3b 49.83 ± 3.1a
All results expressed are mean of three individual replicates (n= 3± S.D.) on dry weight basis. Mean values followed by different letters in a
row are signiﬁcantly different (p< 0.05) from each other.
278 Y.W. Mak et al.3. Results and discussion
3.1. Antioxidant analysis
Results obtained for antioxidant compounds and antioxidant
assays are expressed on a dry weight basis (d.w.) (see Table 1).
With regard to visual color, ethanol and aqueous extraction of
hibiscus and Cassia produced red and yellow colored extracts,
respectively.
3.1.1. Percent inhibition of DPPH radical and FRAP assay
Determining antioxidant activity of a sample extract based on
the overall scavenging effects of DPPH radical is one of the
routinely employed antioxidant assays. This method is consid-
ered to be rapid, simple and most convenient. The method is
widely accepted as it is independent of sample extracts’ polar-
ity and is effective while screening large volume of samples
(Magalhaes et al., 2008; Alam et al., 2012). In the present
study, both ethanolic and aqueous extracts of hibiscus and
Cassia ﬂowers exhibited rich scavenging effects on DPPH.
Overall comparison showed ethanol extracts of Cassia to exhi-
bit stronger scavenging effects on DPPH radicals, while etha-
nolic extracts of hibiscus had the lowest. Higher radical
scavenging activity might be attributed to the presence of high
phenolics, tannins or ﬂavonols in the sample extracts.
FRAP assay like the DPPH assay, is considered to be rapid
and sensitive and is more of a semi-quantitative assay. In
FRAP assay, antioxidant capacity is evaluated based on the
capability of the sample extracts to reduce ferric tripyridyltri-
azine (Fe (III)-TPTZ) complexes to ferrous tripyridyltriazine
(Fe (II)-TPTZ). This assay is performed using freshly prepared
FRAP reagent consisting of 2,4,6-tris (1-pyridyl)-5-triazine
(pH 3.6). A blue product (ferrous–TPTZ complex) is formed
due to the reduction of ferric iron in FRAP reagent (Benzie
and Strain, 1996). The higher the FRAP value, the greater will
be the antioxidant activity of sample extracts. Results obtained
revealed hibiscus to exhibit higher reducing power in aqueous
extracts compared to ethanolic extract, while in Cassia it was
vice versa. For ethanol and aqueous extracts of hibiscus, the
reducing powers were 2349.06 and 2883.23 lmoles Fe (II)
per 100 g of samples, respectively. In Cassia, reducing power
of ethanolic and aqueous extracts were 2403.15 and
1966.30 lmoles Fe (II)/100 g, respectively.
These results are on par with earlier reports on various
ﬂower extracts, which have been shown to exhibit high anti-
radical activities (O¨zkan et al., 2004; Wijekoon et al., 2011).3.1.2. Total phenolic content, tannins, ﬂavonoids, favonols and
anthocyanins
Plant based phenol compounds exhibit rich antioxidant activ-
ity by scavenging the free radicals generated during the normal
metabolism process. This group encompasses a wide diversity
of compounds, which mainly includes: ﬂavonoids and pro-
anthocyanidins (condensed tannins) (Shahidi and Naczk,
2004). In the present study, the amount of total phenolics sig-
niﬁcantly varied between the two ﬂower extracts and was
dependent on the solvents used for extraction. Total phenols
ranged between 4598.16 to 26223.78 mg GAE/100 g (see Ta-
ble 1). Both ethanolic and aqueous extracts of Cassia and
hibiscus had high phenolic content with ethanolic extracts of
Cassia exhibiting the highest.
In both the ﬂower extracts, amount of tannins differed signif-
icantly and ranged between 103.28 to 4420.87 mg CE/100 g (see
Table 1). The aqueous extract of hibiscus showed higher tan-
nins, while aqueous extract of Cassia had the lowest. Tannins
in hibiscus ﬂowers extracted in ethanol and water were higher
compared toCassia. Presence of tannins (highmolecular weight
phenols) in adequate amounts can be advantageous as they are
able to quench free radicals very effectively, which in turn de-
pended on the number of aromatic rings, molecular weight,
and nature of the hydroxyl group substitution (Cai et al., 2006).
With regard to total ﬂavonoid or bio-ﬂavonoid content,
hibiscus showed high content in aqueous extracts (2768.06 mg
CE/100 g) compared to ethanolic extracts (2155.39 mg CE/
100 g). In Cassia, total ﬂavonoids were higher in ethanolic ex-
tract (3839.91 mg CE/100 g) compared to aqueous extracts
(1133.60 mg CE/100 g). Flavonoids possess rich antioxidant
properties and are produced as natural secondary metabolites
in plants that encompass 6 sub-classes such as: isoﬂavones,
ﬂavonols, ﬂavones and anthocyanins which vary in their struc-
tural characteristics. These ﬂavonoids are capable of effectively
interact and scavenge free radicals, which damage cell mem-
branes and biological molecules (Rice-Evans and Miller, 1997).
Total ﬂavonols, which are the most widespread sub-class of
ﬂavonoids in plant-based food-stuffs signiﬁcantly varied be-
tween the ﬂowers and their extracts. High ﬂavonol content
was recorded in ethanolic extracts of Cassia (1293.58 mg QE/
100 g), while its aqueous extract had the lowest (22.19 mg
QE/100 g). Similar trend was observed in hibiscus, indicating
ethanol to be more suitable for extracting ﬂavonols compared
to distilled water.
With regard to total anthocyanin content, between the two
ﬂower extracts, hibiscus exhibited a higher value in both ex-
Table 2 Antimicrobial activity of aqueous and ethanolic extracts of hibiscus and Cassia ﬂowers.
Microorganisms Hibiscus Cassia Antimicrobial disk
Aqueous extract Ethanolic extract Aqueous extract Ethanolic extract Chloramphenicol
Zone of inhibition (mm)
a b a b a b a b 10 lg/disk
B. cereus – – – – 8.0 7.0 7.0 7.0 14
B. subtilis – – – – – – – – 23
E. coli – – – – – – – – 16
K. pneumoniae – – – – 9.0 7.5 7.0 7.0 13
L. monocytogenes – – – – – – – – 29
S. enteritidis – – – – – – – – 22
S. typhimurium 11.5 9.0 – – – – – – 21
S. aureus – – 14.0 12.0 7.0 – – – 20
a: Concentration of 100 mg/mL; b: concentration of 50 mg/mL; disk diameter – 6 mm.
–: No inhibition zone.
Table 3 Results of color analysis of hibiscus and Cassia
ﬂower.
Analysis Hibiscus Cassia
L* 37.08 ± 0.02x 60.11 ± 0.02y
a* 10.83 ± 0.07x 24.80 ± 0.03y
b* 3.71 ± 0.02x 61.04 ± 0.10y
C* 11.45 ± 0.06x 65.88 ± 0.11y
Dh 18.87 ± 0.05x 67.89 ± 0.01y
a* and b*: Chromatic components; aLightness; bChroma =
(a*2 + b*2)1/2; cHue angle = arc tangent (b*/a*).
All results expressed are mean of three individual replicates
(n= 3± S.D.) on dry weight basis.
Mean values followed by different letters in a row are signiﬁcantly
different (p< 0.05) from each other.
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anthocyanin were recorded in aqueous extract (205.76 mg c-3-
gE/100 g) compared to ethanolic extracts (155.28 mg c-3-gE/
100 g). Whereas, in Cassia, ethanolic extracts had higher total
anthocyanin than aqueous extracts (77.11 and 49.83 mg c-3-
gE/100 g, respectively). Of late, anthocyanins are becoming
increasingly important not only due to their antioxidant prop-
erties, but also because of their antibacterial properties and use
as a natural food colorant (Naz et al., 2007).Table 4 Evaluation of the FTIR spectrum of hibiscus and Cassia ﬂ
Frequency range (cm1) Peak wavenumber (cm1) Function
Hibiscus Cassia
3420–3429 3423.58 3423.67
2923–2925 2921.74 2923.52
2852–2854 2846.27 2851.75
1739–1745 1743.01 1735.06
1449–1459 – 1449.36
1312–1315 – 1314.13
1159–1172 1157.37 1160.33
1110–1116 1107.09 1111.74
1037–1066 1057.80 1065.68
576–589 – 584.24
–: no peak wavenumber. (Source: Schwanninger et al., 2004; Bhat, 2011)Presence of high level of total phenols, ﬂavonols, ﬂavo-
noids, and anthocyanins has been reported in different ﬂowers
and their extracts (Cai et al., 2004; Gouveia et al., 2013; Yang
et al., 2012; Wijekoon et al., 2011), thus supporting the results
and observations done in this study. Additionally, studies have
reported a positive correlation to occur between antioxidant
compounds and antioxidant activities in plant parts (e.g. ﬂow-
ers, fruits, leaves, seeds) and their extracts (Shyu et al., 2009;
Wijekoon et al., 2011; Voon et al., 2012). Earlier, it has been
reported that different solvent extraction systems can contrib-
ute signiﬁcantly to differences in the antioxidant activities of
the extracts (Tian et al., 2009; Wijekoon et al., 2011), which
holds true in the present study also. Overall, our results clearly
illustrated that phenols including ﬂavonoids, tannins, ﬂavonol
and anthocyanins are most probably the major contributor to
the observed antioxidant properties in both hibiscus and Cas-
sia ﬂower extracts.
3.2. Antibacterial activity assay
Table 2 shows results obtained for the antibacterial activity of
aqueous and ethanolic extracts of hibiscus and Cassia ﬂowers
against various Gram-positive and Gram-negative pathogenic
bacteria. Results showed aqueous and ethanolic extracts of
hibiscus ﬂowers (at the concentration of 100 and 50 mg/mL)ower powder.
al group and origin
O–H stretch, Polysaccharides
Asymmetric C–H vibration, Suberin
Symmetric C–H vibration, Suberin
Ester C‚O stretch, lipid, triglycerides
Lipids
CH2 wagging band progression
Asymmetric C–O–C vibration, Suberin
C–C and C–O stretching, Polysaccharide
C–O valence vibration, Polysaccharide
Glycogen
.
280 Y.W. Mak et al.to selectively inhibit the growth of S. typhimurium and S. aur-
eus, respectively. On the other hand, both the aqueous and eth-
anolic extracts of Cassia (at the same concentration levels)
inhibited the growth of B. cereus and K. pneumoniae. However,
none of the tested sample extracts showed inhibitory effects
against B. subtilis, E. coli, L. monocytogenes and S. enteritidis.
Overall, the zone of inhibition ranged from 9–14 mm and 7–
9 mm for hibiscus and Cassia extracts, respectively.
Reports available have shown crude plant extracts to exhi-
bit higher antibacterial activities against Gram-positive bacte-
ria than Gram-negative bacteria (Kabuki et al., 2000; TianFig. 1 a, FTIR spectra of powdered ﬂower petals of hibiscet al., 2009). This has been attributed to structural variations
observed in the bacterial cell envelope (including those of cyto-
plasmic membrane and cell wall components) between Gram-
positive and Gram-negative bacteria (Silhavy et al., 2010).
However, in the present study, ﬂower extracts of Cassia inhib-
ited both Gram-positive and Gram-negative pathogens
equally.
Polyphenols, ﬂavonoids and tannins present in a sample
might be responsible for the observed antibacterial activity.
These compounds are generally produced by plants as a mode
of defense against microbial infections. Earlier, scientiﬁc evi-us; b, FTIR spectra of powdered ﬂower petals of Cassia.
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bacteria, yeasts and fungi (Scalbert, 1991). This was attributed
to the complexes formed between tannins and microbial en-
zymes and cell envelope transport proteins. This complex even-
tually is believed to result in the inactivation of proteins
resulting in inhibition of microbial growth (Haslam, 1996).
Furthermore, essential oils present in the samples can also con-
tribute substantially for the antibacterial activities (Voon et al.,
2012).
Based on the available reports, methanol extracts have been
shown to result in high extraction yields with strong antibacte-
rial activities (Quarenghi et al., 2000; Mann et al., 2011; Jo
et al., 2012). However, as methanol is highly toxic to humans
and livestock consumption and being a non-food grade solvent
it is rather worthy to evaluate the activities in ethanol or aque-
ous extracts, which can also exhibit appreciable antibacterial
activities and can be considered much safer. Results generated
by using these ethanol or water extracts can be more beneﬁcial
for food and pharmaceutical applications compared to metha-
nol or other solvents.
3.3. Color analysis
In the present study, lightness (L*) value of hibiscus and Cassia
was 37.08 and 60.11, respectively. Low L* value of hibiscus
might be attributed to the dark color of its ﬂower petals com-
pared to Cassia (Table 3). For hibiscus, its chromatic compo-
nent (a* and b*) values were 10.83 and 3.71, respectively and
were lower than the value ofCassia, whichwere 24.80 and 61.04.
Chroma (C*) and hue angle (Dh) values are obtained from
a* and b*. Chroma and hue values of hibiscus were 11.45 and
18.87 while for Cassia, its chroma and hue values were 65.88
and 67.89, respectively. Chroma represents intensity of the col-
or, while hue angle values are stepped counter clockwise from
red to purple (Dh= 0) across a continuously fading color cir-
cle through 90 (yellow), 180 (bluish-green) and 270 (blue).
Hibiscus showed lower chroma and hue angle values, which
indicates that it has less intense colored ﬂower petals, while
Cassia had more vivid yellow colored ﬂower petals, which
are due to its high chroma and hue angle values. Overall, the
color of hibiscus was dark (low L* value), but with low inten-
sity (less vivid). On the other hand, the color of Cassia was
light (high L* value) but with high intensity (very vivid).
Generally, in nature, a diversiﬁed group of ﬂavonoids,
anthocyanins, chlorophyll, xanthones, and betalains can con-
tribute to the intense ﬂoral color (Brouillard and Dangles,
1993). Differences in the ﬂoral color depend entirely on the ex-
tent of co-occurrence with other coloring or pigment com-
pounds and factors like chemical nature of pigments, their
acylation and methylation status, pH of the vacuole, accumu-
lation of the cyanidins or pelargonidin derivatives, and genetic
inheritance (Gettys and Wofford, 2007).
3.4. FTIR analysis
FTIR spectra and the functional group of compounds present
in the powdered ﬂower petals of hibiscus and Cassia are shown
in Fig. 1(a) and (b) and Table 4, respectively. Spectral analysis
revealed hibiscus and Cassia to be almost identical and the ma-
jor functional groups included: polysaccharides, suberin, and
lipid. In Cassia, the spectral peak slightly differed from hibis-cus with some additional peak at 1449.36 cm1 (lipid origin),
and CH2 wagging band progression and glycogen at 1314.13
and 584.24 cm1, respectively. Also, FTIR spectra of both
samples showed peaks in the range of 3420–3429 cm1 which
could be the OH group of the phenolic compounds present
in the samples (Shurvell, 2002; Tejado et al., 2007). However,
it is noteworthy to mention here that results obtained in FTIR
alone are not sufﬁcient to prove the existence of compound-
classes, especially when it comes to mixtures of many different
compounds.
In conclusion, results of this study showed hibiscus and
Cassia ﬂowers to encompass signiﬁcant amount of antioxidant
compounds, with the extracts exhibiting rich antioxidant activ-
ities. In addition, both the ﬂower extracts also possessed anti-
bacterial activity against various Gram-positive and Gram-
negative food-borne bacterial pathogens. Results on antioxi-
dants and antibacterial activity indicate the prospective of uti-
lizing hibiscus and Cassia ﬂower extracts as a mode of natural
food preservative. Results on color analysis highlight the po-
tential of utilizing these ﬂowers as a natural food colorant.
With regard to functional group of compounds, both the ﬂow-
ers showed the presence of polysaccharides, suberin and lipids/
triglycerides. All the ﬁndings of the present study warrant fur-
ther research wherein hibiscus and Cassia ﬂowers need to be
explored commercially as a low-cost, natural preservative dur-
ing the preparation of novel functional foods or in nutraceuti-
cal applications.
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